Staphylococcus microti sp. nov., isolated from the common vole (Microtus arvalis) Two strains of Gram-positive cocci were isolated from viscera of common voles (Microtus arvalis Pallas) with generalized Brucella microti infection in the Czech Republic. Biochemical features and phylogenetic analysis based on 16S rRNA gene sequences showed that the strains are representatives of the genus Staphylococcus and assigned Staphylococcus muscae as the nearest relative. A detailed characterization done by ribotyping, rpoB and hsp60 gene sequencing, whole-cell protein analysis and rep-PCR using the (GTG) 5 primer differentiated the two strains from all described staphylococci. DNA-DNA hybridization with the type strain of S. muscae demonstrated that the two strains should be considered as members of a novel species (26.8 % reassociation). The two analysed strains were found to be coagulase-negative, novobiocin-susceptible, oxidase-negative cultures, phenotypically close to one another, but showing differences in ribotype profiles. The major fatty acids were iso-C 15 : 0 , iso-C 17 : 0 , anteiso-C 15 : 0 , C 18 : 2 v6,9c/anteiso-C 18 : 0 , C 18 : 0 and C 18 : 1 v9c. MK-7 was the predominant isoprenoid quinone, with minor amounts of MK-6 and MK-8. The polar lipid profile was composed of the major lipids diphosphatidylglycerol and phosphatidylglycerol and several unknown lipids. These results proved that the two isolates represent a novel staphylococcal species. The name proposed for this novel taxon is Staphylococcus microti sp. nov.; the type strain is 4005-LJ(m)
the past (Kloos et al., 1992 ), but we still know little about their natural distribution in free-living animals, which could represent a reservoir of potentially pathogenic bacteria (Hauschild, 2001) . A significant number of strains of Staphylococcus saprophyticus and Staphylococcus equorum were observed by Hauschild (2001) in wild insectivores and rodents, in addition to S. xylosus and S. sciuri. On the other hand, only a few Staphylococcus simulans and Staphylococcus hominis strains were isolated as the only novobiocin-susceptible, coagulase-negative staphylococci found in these animals. A preliminary study by Kloos et al. (1976) described a very small number of Staphylococcus aureus and S. intermedius strains isolated from grey squirrels. Different potentially pathogenic bacteria besides staphylococci have also been shown to inhabit rodents. Recently, the novel species Brucella microti has been isolated (Hubálek et al., 2007) and described (Scholz et al., 2008) from clinical samples of diseased common voles (Microtus arvalis). This paper deals with a description and characterization of a novel staphylococcal species isolated from two of these M. arvalis individuals.
The strains originated from the liver and kidney of diseased, free-living common voles (one adult male, one adult female) during an epizootic caused by B. microti (Hubálek et al., 2007) in the Břeclav district of South Moravia, Czech Republic, in 1999 -2002 . The animals, livetrapped and euthanized on 21 September 2000, were apparently ill, with oedematous legs, visceral lesions including granulomas, abscesses, orchitis (in the male) and enlarged lymphatic inguinal nodes. Samples were cultivated on meat-peptone agar at 37 u C for 72 h under aerobic conditions. In addition to strains of B. microti, strains T (5CCM 4903 T ) and 4334-LJ(m) (5CCM 4904) were isolated from the male and the female, respectively. Colony size, morphology and pigment production were determined on P agar after 5 days (72 h at 37 u C and 48 h at room temperature) as recommended by Freney et al. (1999) . Haemolysis was examined on Columbia blood agar (Oxoid) supplemented with 7 % sheep blood at 37 u C (pH 7.2) after 24 h in a synergy test with a producer of bhaemolysin (S. intermedius CCM 4710). Phenotyping was done using API Staph, ID32 Staph and API ZYM kits (bioMérieux) according to the manufacturer's instructions and using additional conventional tube and plate tests as described previously (Freney et al., 1999; Mannerová et al., 2003) . Susceptibility to antibiotics as well as to lysostaphin and lysozyme was tested by the disc diffusion method on Mueller-Hinton agar (Oxoid) (Freney et al., 1999; Woods & Washington, 1995) . The results of phenotyping were evaluated using apiweb software (https://apiweb.biomer ieux.com) and phenotype characteristics published in individual species descriptions.
Both cultures were Gram-stain-positive, catalase-positive and oxidase-and coagulase-negative. Circular, slightly concave, smooth, pearly, whitish small colonies, 0.8-1.8 mm in diameter, were observed on P agar. During initial isolation, the colonies were numerous, very small and only visible after 3 days on meat-peptone agar plates. Biotyping data in comparison with 10 related species and subspecies are summarized in Table 1 . The results of all other examined phenotypic features are listed in the species description.
Both strains were clearly members of the genus Staphylococcus on the basis of their biochemical traits. However, they showed a unique phenotypic profile that differed from those of all closely related staphylococcal species, particularly in aesculin hydrolysis. In addition, they could be clearly differentiated from related coagulasepositive staphylococci (S. delphini, S. intermedius, S. pseudintermedius, S. schleiferi subsp. coagulans, S. hyicus and S. lutrae) on the basis of the absence of coagulase production and from related coagulase-negative taxa on the basis of tests summarized in Table 1 . S. muscae, the species that was most closely related phylogenetically as well as phenotypically, can be differentiated from the novel strains by negative reactions for acid production from lactose and mannose, pyrrolidonyl arylamidase formation and aesculin hydrolysis. Further, in contrast to strains CCM 4903 T and CCM 4904, S. muscae strains usually do not grow at 45 u C.
Isolation of genomic DNA and ribotyping with either EcoRI or HindIII restriction endonucleases (Takara) as well as hybridization with a digoxigenin-labelled probe complementary to the 16S and 23S rRNA were done as described by Švec et al. (2001) . The obtained ribotype profiles were digitized and analysed using BioNumerics software version 4.601 (Applied Maths). Dendrograms were constructed using the Dice similarity coefficient and the UPGMA clustering method. Position tolerance of 1 % was allowed for the bands.
Strains CCM 4903
T and CCM 4904 generated unique EcoRI fingerprints, containing 17 and 19 fragments, respectively, and were well separated from all staphylococcal taxa with validly published names (data not shown; inhouse ribotype database). The similarity between isolates CCM 4903 T and CCM 4904 was 88.9 %. All phylogenetically related staphylococci showed similarity levels lower than the cut-off of 62 % that was used for species differentiation among the genus Staphylococcus by Chesneau et al. (2000) . S. lutrae CCM 4681 T and S. muscae CCM 4175
T showed the highest similarity to the novel isolates (54.6 and 48.2 % respectively; Fig. 1 ). HindIII ribotype similarity of the novel isolates was 79 % (Fig. 2) ; thus, differentiation of the two tested strains was more evident than with EcoRI ribotype analysis. The ribotyping results showed isolates CCM 4903 T and CCM 4904 to be different strains but members of the same staphylococcal species.
Almost-complete 16S rRNA gene sequences (positions 55-1495 of Bacillus subtilis) of isolates CCM 4903 T and CCM 4904 were obtained by PCR and sequencing as described previously (Pantů ček et al., 2005) . Partial rpoB gene sequences (positions 1444-1928 of the rpoB gene sequence of S. aureus RN4220; GenBank accession no. X64172) were determined for both strains and also S. pseudintermedius CCM 7315
T and Staphylococcus simiae CCM 7213 T as described previously (Mellmann et al., 2006 (1996) . The obtained amplicons were purified with a QIAquick PCR purification kit (Qiagen), digested with EcoRI and BamHI (Roche Diagnostics) and cloned in pBluescript II SK(+) vector (Stratagene). Both strands of the DNA were sequenced with sequencing primers M13 uni(221) and M13 rev(229) at MWG Biotech. The sequences were analysed using BioNumerics software version 5.10 (Applied Maths). Pairwise alignment similarities were calculated and phylogenetic trees were constructed using the neighbour-joining method. No correction factor was used for the distance matrices. Bootstrap analysis based on 1000 randomly generated trees was performed to investigate the stability of the trees obtained (Fig. 3) . To infer phylogenetic analysis, the maximum-likelihood method was also applied using the BioNumerics software.
Phylogenetic analysis based on 16S rRNA, rpoB and hsp60 gene sequences included the type strains of all Staphylococcus species with validly published names and showed that strains CCM 4903 T and CCM 4904 exhibited identical sequences for the three genes and are representatives of the genus Staphylococcus. For the 16S rRNA, rpoB and hsp60 gene sequences, the novel strains shared the Devriese et al. (1978 Devriese et al. ( , 2005 , Foster et al. (1997) , Freney et al. (1988 ), Hájek (1976 , Hájek et al. (1986 Hájek et al. ( , 1992 , Igimi et al. (1989 Igimi et al. ( , 1990 and Varaldo et al. (1988) unless indicated. +, Positive; 2, negative; W, weakly positive; d, positive reaction in 11-89 % of strains. Takahashi et al. (1999) and constituted, together with S. muscae, a distinct 'S. muscae' species group within this monophyletic clade (94 % bootstrap probability). The neighbour-joining tree calculated from 16S rRNA gene sequences had a topology identical to that obtained using the maximum-likelihood analysis (not shown). A comparison of the neighbourjoining trees (Fig. 3) and maximum-likelihood trees generated from the hsp60 and rpoB gene sequences showed agreement in the S. hyicus-S. intermedius-S. muscae complex except for S. chromogenes, which was clustered with S. intermedius on the basis of the hsp60 gene sequence and maximum-likelihood method (not shown).
Characteristic
rep-PCR with the (GTG) 5 primer was done according to Gevers et al. (2001) with a minor modification described previously by Švec et al. (2008) . rep-PCR fingerprints were analysed using Pearson's correlation coefficient and UPGMA clustering method (BioNumerics; Applied Maths). Optimization of 1 % was allowed for the densitometric curves. The tested strains showed very similar (GTG) 5 fingerprints (98.2 % similarity) and were clearly separated from all related species used for cluster analysis ( Supplementary Fig. S1 , available in IJSEM Online) as well as from other staphylococcal taxa (in-house rep-PCR database). The type strains of S. muscae and S. lutrae showed the highest similarity to strains CCM 4903 T and CCM 4904 (34.5 and 30.7 %, respectively), as for ribotyping.
Preparation of whole-cell protein extracts, SDS-PAGE, densitometric analysis of protein profiles and their numerical analysis were performed as reported by Pot et al. (1994) . The bacteria were grown under standard conditions (37 u C for 24 h) on CM3 nutrient agar (Oxoid). A whole-cell protein extract of Psychrobacter immobilis CCM 4923 was used as a reference profile and Sigma Wide Range markers (6.5-205 kDa) were used as molecular mass (Supplementary Fig.  S2 ).
For analysis of fatty acids, bacteria were cultivated on Columbia II agar base (BBL) with 5 % horse blood at 37 u C for 24 h. Cell saponification, conversion of fatty acids to methyl esters and their extraction and GC analysis (Hewlett Packard HP 5890) as well as numerical analysis were done as described previously by Eerola & Lehtonen (1988) and Sasser (2001) . The fatty acids observed in cells of strains CCM 4903
T and CCM 4904 differed from those of described staphylococcal taxa both qualitatively and quantitatively. As major fatty acids, iso-C 15 : 0 , iso-C 17 : 0 and anteiso-C 15 : 0 and unsaturated C 18 : 2 v6,9c/anteiso-C 18 : 0 , C 18 : 0 and C 18 : 1 v9c were found in both strains. Detailed results are summarized in Table 2 .
Peptidoglycan type was examined using purified cell walls obtained after mechanical disruption of cells with glass beads and subsequent trypsin digestion. Amino acids and peptides of cell-wall hydrolysates were analysed by twodimensional ascending TLC on cellulose plates using previously described solvent systems (Schleifer, 1985) . Amino-terminal amino acids of the interpeptide bridge were detected by dinitrophenylation (Schleifer, 1985) . Molar amino acid ratios were determined using GC and GC-MS of N-heptafluorobutyryl amino acid isobutyl esters (MacKenzie, 1987) . The analyses revealed the occurrence of the peptidoglycan type A3a L-Lys-Gly 2-3 -L-Ser-Gly according to Schleifer & Kandler (1972) (type A11.3 according to http://www.dsmz.de/microorganisms/main. php?content_id=35) in the tested strains, which is typical of the genus Staphylococcus. Total hydrolysates (100 u C for 16 h, 4 M HCl) of the peptidoglycan contained amino acids Ala/Gly/Ser/Glu/Lys in the following approximate molar ratios: 1.5 : 3.0 : 0.8 : 1.0 : 0.9 for CCM 4903 T and 1.8 : 3.7 : 0.9 : 1.0 : 1.0 for CCM 4904.
Quinones and polar lipids were extracted as described previously (Altenburger et al., 1996; Stolz et al., 2007; Tindall, 1990a, b) . Biomass used for extraction was grown at 28 u C on PYE medium (0.3 % peptone, 0.3 % yeast extract, pH 7.2). Strains CCM 4903
T and CCM 4904 showed a quinone system with menaquinone MK-7 (95 and 97 %, respectively) predominating and minor amounts of MK-6 (5 and 3 %) and MK-8 (both ,1 %). S. chromogenes CCM 3387 T and S. muscae CCM 4175 T showed rather similar quinone systems (96 and 95 % MK-7, 1 and 5 % MK-6 and 3 % and ,1 % MK-8). Similar quinone systems have been reported for several other staphylococci, including Staphylococcus capitis, S. cohnii, S. epidermidis, S. haemolyticus, S. hominis, S. saprophyticus, S. simulans, S. warneri and S. xylosus (Nahaie et al., 1984) . The polar lipid profiles of strains CCM 4903 T and CCM 4904 were identical, consisting of the major lipids diphosphatidylglycerol and phosphatidylglycerol. In addition, moderate amounts of an unknown aminophospholipid (APL1) and an unknown glycolipid (GL1) and minor to trace amounts of a second glycolipid (GL2), a second aminophospholipid (APL2), a phospholipid and an unknown polar lipid were found ( Supplementary Fig.  S3 ). A third a-naphthol-positive spot showing highly hydrophobic chromatographic behaviour was also detected, but is not visible in Supplementary Fig. S3 . The chromatographic behaviour of GL1 corresponded well to that of glycolipid G 1 , which was assumed to be bgentiobiosyl diacylglycerol (Nahaie et al., 1984) . Polar lipid profiles of S. chromogenes CCM 3387 T and S. muscae CCM 4175 T showed the same major characteristics. However, in the profile of S. muscae CCM 4175 T , the content of the unknown phospholipid PL1 was significantly higher than in CCM 4903 T and CCM 4904 and, in S. chromogenes CCM 3387 T , PL1 and glycolipid GL2 could not be detected (not shown).
DNA-DNA hybridization (DDH) was carried out between strain CCM 4903 T and S. muscae CCM 4175 T , the closest relative on the basis of the results of sequence analyses of three genes. The strains were cultivated in BHI (Oxoid) for DNA isolation before DDH. Wet biomass (3 g) was resuspended in isopropanol/water (1 : 1, v/v Cultures show negative responses for esterase (C4), lipase (C14), valine arylamidase, cystine arylamidase, trypsin, chymotrypsin, naphthol-AS-BI-phosphohydrolase, agalactosidase, a-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. Resistant to bacitracin (0.04 U) and lysozyme (400 mg l 21 ) but susceptible to novobiocin (5 mg), furazolidone (100 mg), amoxicillin/ clavulanic acid (20/10 mg), oxacillin (1 mg), tetracycline (30 mg), trimethoprim/sulfamethoxazole (23.75/1.25 mg), erythromycin (15 mg), clindamycin (2 mg), vancomycin (30 mg), ciprophloxacin (5 mg), gentamicin (10 mg), chloramphenicol (30 mg), rifampicin (5 mg), teicoplanin (30 mg) and lysostaphin (50 mg l
21
). Dominant fatty acids are iso-C 15 : 0 , iso-C 17 : 0 , anteiso-C 15 : 0 , C 18 : 2 v6,9c/anteiso-C 18 : 0 , C 18 : 0 and C 18 : 1 v9c. Peptidoglycan type is A3a L-LysGly 2-3 -L-Ser-Gly and the quinone system includes the
